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Abstract:The reagent chloro-B-cyanoethyl-N,N-diisopropylamino-phosphoramidite reacts smoothly 
with the anomeric hydroxyl group of a properly protected (benzyl) a-L-fucopyranose 
to afford a relatively stable phosphite intermediate in high yield. The latter can 
easily be converted into valuable a-L-fucopyranosyl phosphoric mono- and diesters. 

In naturally occurring phosphoric acid esters of oligosaccharides the ester linkages be- 

tween the hydroxyl groups of the sugar moiety and phosphoric acid may either consist of one 

anomeric or solely non-anomeric hydroxyl functions. The formation of the latter type of phos- 

phate esters can easily be accomplished by the well-established phosphotriester methodology 

developed for the preparation of nucleic acids. For example, the preparation of non-anomeric 

phosphodiester bonds present in teichoic acids or glycophospholipids has been published re- 

I,2 cently . The synthesis, however, of glycosyl phosphates by a direct phosphorylation of an 
3 

alcohol group at the anomeric centre is far less advanced . 

We now report that the phosphitilating reagent $, 
4 

as developed by Sinha et al. for the 

solid -support synthesis of DNA, can be used successfully for the preparation, via phosphite 

intermediates (e.g., 3J, of anomeric phosphates of sugars. 

up to now, only one of the many phosphitilating reagents developed in nucleic acids che- 

mistry has been adopted for the preparation of glycosyl phosphates. Thus, the synthesis of 
5 

the latter compounds was accomplished, for the first time, by Ogawa et al. using the bifunc- 

tional reagent & 
6 . However, attempts 

7 
to phosphitilate the anomeric hydroxyl group of a Li- 

'pid A derivative by the same reagent failed8, 

Cl- P-X 

1 ‘: ~I~:C~~~~~*C,~~CH2CH*CN. 

c X = N[Cb+)$: R= CHMeCH$N. 

OR d X: N(CH2)/,0: R=CfMe12 CH2CN. 

e X= NKH21L0 : R=CH2CH2S02Me. 

The advent of a new type of reagents (i.e., I&, Is’, l_dg and 12 
10 
), of which the protec- 

tive group at phosphorus (V) can be removed by mild base treatment, urged us to study the ap- 

plicability of these reagents towards the preparation of glycosyl phosphates. Further, we 

selected G, on the ground of its easy accessibility, as the phosphitilating reagent. 

The synthesis of the key intermediate 3 was performed as follows. To a stirred solution 

of K& (1.3 mmol) and iPr2NEt (1.95 mmol) in dry CH2C12 (5 ml), in a dry N2-atmosphere, was 

added 2,3,4-tri-O-benzyl-a-L-fucopyranose 
II 

L (I mmol). TLC-analysis of the reaction mixture, 

after 20 min at 20°C, revealed the absence of $and the formation of a product with a higher 

Rf-value. The solution was diluted with CH Cl 2 2 (5 ml) and washed with ice-cold aqueous solu- 

tions of NaHC03 (10%; 10 ml), satd. NaCl (3 x 20 ml) and water (20 ml). The organic layer 

was dried (Na SO 
2 4 

) and the filtrate was concentrated to afford crude 3 a's a colourless oil in 

1211 
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6 

REAGENTS (11 1 b/iPrz NE1 

~~IIHOCH~CH~CN/~H-TETRAZOLEIIII) 

I-Butylhydraperoxide 11’41 NH3 /MeOH- 

IV1 Hz/Pd-C 

R’= Benzyl, R= CHzCHzCN 

a yield of 97%. NMR-spectroscopy 
I2 

of 2 thus obtained indicated that the product was contami- 

nated with a small quantity of hydrolyzed I&. Crude 2 was now converted in a one-pot proce- 

dure (steps ii, iii and iv, respectively) into the a-L-fucopyranosyl phosphate 5 (R=Na+). To 

a stirred solution of crude,? (0.5 mmol) in dry acetonitrile (2.5 ml) was added B-cyanoetha- 

no1 (0.09 ml) and IH-tetrazole (1.0 mmol) in CH3CN (2 ml). 31 P-NMR spectroscopy of the reac- 

tion, after 20 min at 20°C, showed complete conversion of 3 [6p (CH3CN) 150.9 and 150.11 into 

the expected di-@-cyanoethoxy phosphite [6p (CH3CN) 140.4 (95%a) and 139.8 (5X0)1. The latter 

was oxidized with t-butylhydroperoxide I3 (0.17 ml) and left for 1 h at 2O'C. 
31 

P-NMR showed 

the formation of $ [6p (CH3CN) -2.31 to be complete. The removal of the two B-cyanoethyl 

groups was effected by adding a cold and saturated solution of ammonia in methanol (4 ml) to 

the reaction mixture. The solution was stirred for 3 h at 0-5'C, and concentrated to a small 

volume. Crude i (R=H) was purified by Sephadex LH20 chromatography and converted (Dowex 50W 

Na+-form) into the sodium salt, to afford homogeneous I2 1 [R=Na+; 6p (MeOH) -1.43; yield 89% 

(based on 2)1 as a solid. Hydrogenolysis of J, (R=Na+) over Pd/C gave, after purification,a-L- 

fucopyranoiyl phosphate ,5 the analytical data ( 
31 

P- and 'H-NMR) of which were in accordance 

I4 
with those reported earlier . Key intermediate 2 was now converted by 

followed by ammonolysis (17 h at 20°C), to afford, after purification, 

salt; 6p (CHC13) 5.981 in a high yield. 

OH 
/ 

0 
II 

2 + R,o&R’ - R,o@-iro&R1 - R,o@-‘“o&R1 

OR’ R’O OR’ 

7 
R’O 

oxidation (step iii), 

homogeneous J?I_ [Na+- 
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Further, coupling of 3 (0.5 mmol) with benzyl-2,3,4-tri-O- benzyl-B-D-mannopyranoside 
15 

z 

(0.6 mmol) in the presence of IH-tetrazole (1.0 mmol) gave, as evidenced by 
31 

P-NMR, mainly 

5 [bp (CH3CN) 141.1 and 140.11. The latter was, without further isolation, oxidized (step 

iii) to give fully-protected 2 [6p (CH CN) -1.72 and -2.151 which, after deblocking (step iv) 

and purification, afforded homogeneous 
?2 

2 [R=Na+; 6p (CHC13) -2.091 in a yield of 76% (based 

on 3). 

At this stage of our study, we were interested to find out if the phosphitilation 

approach could also be applied towards the preparation of 11 (R=Na+) in which two anomeric 

centres are part of the phosphodiester bond. To our knowledge, the occurrence in nature of 

this type of linkage has never been proved. Monitoring of the coupling of F?_ with 2, which was 

realized under the same conditions as used for the preparation of 8, showed nearly complete 

formation of 10 [6p (CH3CN) 139.891. The oxidation of c to yield u [6p (CH3CN) -3.661 pro- 

ceeded also very efficiently. However, ammonolysis 
16 

of the 8-cyanoethyl group from II was 

0 0 

W RjO 

Icy 

\ 
P-OR - R’O /‘OR 

OR’ 
/ 

0 ’ 

icy’ 
0 0’ 

R’O 
‘% 

R’O 

OR’ 
v R’O 

R’O 

OR’ 

1, I! 

accompanied by fission of the phosphate linkage. Nonetheless, pure 
12 

c [R=Na+; 6p (CHCl3) 

-4.441 could be isolated, after purification, in a yield of 40% (based on 2). 

The results presented in this paper indicate that the monofunctional phosphitilating rea- 

gent E promises to be a useful tool for the preparation of biologically important glycosyl 

phosphates. An additional advantage of the use of reagent lb is the easy accessibility of 

valuable intermediates. For example, compound 6, 
17 

or its N-morpholino analogue , may be fur- 

ther used for the preparation of glycosyl pyrophosphates. On the other hand, compound 4 (R=H) 

can be coupled, 
18 

as recently reported by Srivastava et al. , with2 to afford2 (R=Na+). 

Finally, it has to be mentioned that we did not observe any anomerization in the phosphory- 

lation process (e.g., conversion of 2 into 4). The latter finding entails that the anomeri- 

tally purity of the final glycosyl phosphates will be determined mainly by the starting pro- 

duct. At present, we are studying in detail the feasibility of preparing properly-protected 

and anomerically pure starting compounds. 
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